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NACA RM L58BO4 "~ 
NATIONAL  ADVISORY  COMMITTEF,  FOR MRONAUTICS 

RESEARCH  MEMORANDUM 

FRFE-FLIGHT  INVESTIGATION  TO DE- THE INLET 

EXTE,RNAL DRAG OF  FOUR INLET MODELS AT 

MACH N U M B ~ S  FROM 1.50 TO 3.00 

By Walter L. Kouyoumjian 

A free-flight  investigation  was  conducted  of  four  supersonic  nose 
inlets.  Each  inlet  used  conical-shock  and  isentropic-compression  center 
bodies  in  various  combinations. Two of  the  models  investigated  had 
internal  contraction  and  two  did  not;  three  were  designed  for  a  free- 
stream  Mach  number  of 3.00 while  one  was  designed  for  a  free-stream  Mach 
number  of 2.60. 

The  models  were  flight  tested  at  zero  angle  of  attack  at  Mach  num- 
bers  varying  between 1.50 and 3.00. The  Reynolds  number  range  for  the 
flight  tests  was  from 5 x lo6 to 15 x 106, based  on  body  maximum  diam- 
eter.  The  performance  characteristics  of  the  inlets  are  presented  as 
the  variation  of  drag  coefficient,  total-pressure  recovery,  and  mass- 
flow  ratio  over  the  Mach  number  range.  Only  one  inlet  model  (conical 
shock  plus  isentropic  compression  with  internal  contraction)  achieved 
a  mass-flow  ratio  of 1.00 at  the  design  Mach  number of 3.00. 

INTRODUCTION 

As  part of a  general  program  of  the  National  Advisory  Committee  for 
Aeronautics  to  determine  the  aerodynamic  characteristics  of  high-speed 
inlets,  the  Pilotless  Aircraft  Research  Division  has  flight  tested  models 
of  several  inlet  configurations  at  supersonic  speeds.  Reference 1 pre- 
sents  the  effects of cowling  profile  shape  and  inlet  mass-flow  ratio  on 
the  drag  of  normal-shock  nose  inlets  for  Mach  numbers  from 0.9 to 1.5. 
Reference 2 presents  the  results of the  investigation  of  conical-shock 
external-compression  inlets at flight  Mach  numbers  between 0.8 and 2.0. 
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The  present  investigation  was  conducted  to  determine  the  inlet 
external  drag  of  four  models  at  Mach  numbers  between 1.50 and 3.00. 
Three  of  the  inlets  investigated, a conical  inlet  with  internal  compres- 
sion, a combination  conical-isentropic  inlet  with  internal  compression, 
and a combination  conical-isentropic  inlet  without  internal  compression, 
were  designed  for a Mach  number  of 3.00. The  fourth  inlet,  which  also 
was a combination  conical-isentropic  inlet  without  internal  compression, 
was  designed  for a Mach  number  of 2.60. This  paper  presents  the  inlet 
external-drag,  pressure-recovery,  and  mass-flow  ratio  data  for  the  indi- 
vidual  fixed-geometry  inlets. 
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SYMBOLS 

area, sq ft 

longitudinal  acceleration, g units 

total-drag  coefficient, Total  drag 
%S 

base  -drag  coefficient, Base  drag 

internal-drag  cdefficient, Internal  drag 

%S 

skin-friction  drag  coefficient, Skin-friction drag 

%as 

fin-drag  coefficient, Fin drag 

/ 

inlet  external-drag  coef f icierit , 
%,t - ‘D,b - ‘D,i ‘D,f - ‘D,W 

Mach  number 

static  pressure,  lb/sq  ft 

total  pressure, Ib/sq ft 
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Subscripts: 

e 

0 

N 

b 

dynamic pressure, F.PV , lb/sq f t  1 2  

Reynolds number based on  maximum body diameter 

m a x i m u m  projected  mea, 0.267 sq f t  

weight of model, l b  

mass-flow r a t i o   ( r a t i o  of a c t u a l   i n l e t  mass flow t o  maximum 
theore t i ca l  mass flow  based on inlet   capture   area)  ' 

s t a t ion  measured  from leading edge of cowl, i n .  

s t a t ion  measured  from leading  point  of  center body, in .  

radius  coordinate  for  center body and  cowl,  measured  from 
longi tudinal  axis, in .  

f r e e  stream 

subsonic  diffuser  exit ;   entrance  to  convergent-divergent 
exit   nozzle 

nozzle   exi t   s ta t ion 

in le t   en t rance   s ta t ion  

nozz le   th roa t   s ta t ion  

base  annulus 

MODELS AND APPARATUS 

General  sketches  of  the  four  inlets  investigated  appeas  in  figure 1 
I 

I 
~ 

I ,  

and  photographs  of  the  models me  presented   in   f igure  2. A t yp ica l  
model-launcher  arrangement i s  shown i n   f i g u r e  3 .  

The fou r   i n l e t  models were designed t o  be s i m i l a r  i n   o r d e r   t o   f a c i l -  
i tate the   ana lys i s   o f   t he   r e su l t s  of the   inves t iga t ion .  Each model w a s  
s t a b i l i z e d   i n   f l i g h t  by four 600 sweptback f in s   w i th  a t ape r   r a t io   o f  
0.1173; t h e   f i n s  were made of aluminum and  had tapered  leading and i 

I -  A .  
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t ra i l ing  edges.  The rearward  section of the  fuselage  for  each model 
was a straight  cylindrical   section  constructed of  spun s teel   sheet  of 
constant  thickness, and had a maximum external  diameter of 7.00 inches; 
the  cowl p ro f i l e s   fo r   t he   s epa ra t e   i n l e t s   ( a l so  of  spun s tee l   shee t )  
were faired  into  the  fuselage at different   axial   locat ions.   (See 
f i g .  1.) Figure 4 presents   the   in te rna l   a rea   d i s t r ibu t ion  for t h e   i n l e t  
models investigated.  

The subsonic  diffuser  sections  for a l l  the  models were designed t o  
give  uniform  flow at the   d i f fuser   ex i t .  The nozzle was designed to   g ive  
choking  flow at a ' f ree-s t reah Mach  number of 1.50 or greater,  and under 
these  conditions gave  an ex i t  Mach  number of  2.02. 

Model A had a single-cone  center body with a cone half-angle of 25' 
and in te rna l   cont rac t ion   ra t io  of 1.15. The inlet   design Mach  number 
was 3.00 and was defined as the'Mach number at which the   i n i t i a l   con ica l  
shock from the  center-body  point would intersect   wi th  the cowl leading 
edge. The cowl f o r   t h i s   i n l e t  had a sharp  leading edge and was fa i r ed  
into  the  s t ra ight   cyl indrical   sect ion of the  fuselage at a distance of 
10.13 inches  behind  the cowl leading  edge. The coordinates  for  the 
center body are   presented  in   table  I and the   i n t e rna l  cowl dimensions 
in   f igure l (a )  . The cowl p ro f i l e   fo r  model A was a straight  conic  see- 
t ion;   therefore ,   the  cowl coordinates were omitted from t ab le  I. 

Model B had a center body with  an i n i t i a l  cone half-angle of approxi- 
mately l5O followed  by  sufficient  isentropic  compression  to  reduce  the 
Mach  number  on the   ex te rna l  compression su r face   t o  a theoret ical   value 
of 1.76 at the  entrance of t he   i n l e t  a t  the  design Mach  number of 3.00. 
This   inlet  was designed from the   r e su l t s  of reference 3 .  The center 
body was s i m i l a r  t o   cen te r  body I11 and the  cowl was s i m i l a r  t o  cowl 111, 
in  reference 3 .  The external  cowl surface made an  angle of 3 5 O  with  the 
in l e t   cen te r   l i ne  a t  the  leading edge of t he  cowl. The coordinates  for 
the  center body and the   in te r ior  of the cowl are  presented  in  table 11. 

Model C had an isentropic  center body with an i n i t i a l  cone half-  
angle of approximately 15' followed  by enough isentropic  compression t o  
reduce  the  surface Mach  number t o  1.50 a t  the   en t rance   to   the   in le t   for  
a design Mach number of 3.00.  This i n l e t  was similar t o  center body IVa 
and cowl IV of reference 3 and did not have  any in t e rna l  compression. 
The external  angle between the cowl surface and the   i n l e t   cen te r   l i ne  
was 30° at the cowl leading  edge. The coordinates  for cowl  and center 
body are   presented  in   table  111. 

Model D had an isentropic  center body with an i n i t i a l  cone half-  
angle of 6.70 followed  by 29.3O  of isentropic  compression. The i n l e t  
did  not have  any in%ernal compression, and the  design Mach  number was 
2.60. The coordinates  for  the  center body are   given  in   table  IV. The 

. .. 

:, . 
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cowl p r o f i l e   f o r   t h i s   i n l e t  was a c i rcu lar   a rc  of  11.523-inch  radius 
t h a t  w a s  fa i red  into  the  cyl indrical   sect ion  of   the  fuselage.  

DATA FZDUCTION 

The values of to ta l -drag   coef f ic ien t   for   the  models  were computed 
during  decelerat ing  f l ight  from the  telemetered  longitudinal  accelerom- 
e t e r   d a t a  and the  equation 

For comparative  purposes the  total-drag-coefficient  values were 
also  determined from acceleration  data  obtained  by  differentiating  the 
CW Doppler radar   veloci ty  measurements (corrected  for  f l ight-path  curva- 
t u r e  and  winds a l o f t )  and the  NACA modified SCR-584 radar   t ra jec tory  
measurements. The d e t a i l s  of the  testdng  technique  axe  presented  in 
reference 4.  Since  the CW Doppler f a i l e d   t o   t r a c k   t h e  models throughout 
t he   t e s t   r ange ,   t h i s  method f o r  computing the  total-drag  coeff ic ient  
w a s  useful   only  in   ver i fying  the  coeff ic ients   obtained from the  accel-  
erometer  data at the  high  supersonic  speeds. The agreement  between 
to ta l -drag   coef f ic ien ts  computed by  both methods was within  instrument 
accuracy, and the  total-drag  coeff ic ients   presented  in   this   report  were 
computed from the  accelerometer  data. 

The i n l e t  mass-flow r a t i o s  were computed from the  telemetered  aver- 
age total-pressure  data   taken at the  entrance of the  convergent-divergent 
nozzle   during  the  f l ight .  The equation  used was 

Equation  (2) assumed choking  flow at the  nozzle   throat  and no 
total-pressure lo s s  through  the  convergent-divergent  exit  nozzle. 

The internal-drag  coefficient was computed from the  one-dimensional 
form  of t h e  momentum equation,  applied  between  free-stream  conditions 
and conditions at t h e   e x i t  of the  model: 
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where 2.02 is  t h e   e x i t  Mach’ number. 

The base drag coef f ic ien t   for   the  models was computed by  using  the 
following  equation: 

The inlet   to ta l -pressure  recovery was taken as t h e   r a t i o  of t h e   t o t a l  
pressure measured at t h e   d i f f u s e r   e x i t   s t a t i o n   t o   t h e   t o t a l   p r e s s u r e   o f  
the  stream-tube air upstream  of t h e   i n l e t .  

The skin-fr ic t ion  drag  coeff ic ient  was computed by the  method out- 
l ined  in   reference 5 .  It was assumed t h a t   t h e  boundary layer  was f u l l y  
turbulent   over   the  ent i re  model. The f in-drag  coeff ic ient  was estimated 
from data presented  in   reference 6. 

The inlet   external-drag  coeff ic ient  was taken as the  difference 
between the  total-drag  coeff ic ient  and the  component-drag coeff ic ients  
f o r  each model, or 

This r e s u l t s   i n  an external-drag-coefficient term t h a t  i s  composed of 
the  dragwise components of (1) the  aerodynamic pressure and viscous 
forces   act ing on the  external   surfaces  of t h e   i n l e t  and (2)  the  aero- 
dynamic forces   act ing on the  external   contows of the  stream  tube  entering 
t h e   i n l e t  between the  shock wave and the  cowl l ip   (addi t ive-drag  
component) . 

The data presented  herein  are   bel ieved  to  be accurate  within  the 
following limits: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.02 
wm 

W 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t o .01  
G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t O . O 1  
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The components of   drag  coeff ic ient   for   the  four   inlets   invest igated 
are  plotted  against   free-stream Mach  number in   f i gu res  5 t o  8. The 
mass-flow ratio,   total-pressure  recovery,  and  Reynolds number range  for 
t hese   i n l e t s  are also  presented  in   f igures  5 t o  8. All t he  models 
except model A a t ta ined  their   design Mach numbers i n , f l i g h t .  

The curves  of  the mass-flow r a t i o  f o r  each  of   the  inlets   invest i -  
gated show tha t   on ly   i n l e t  B operated at a maximum mass-flow r a t i o  of 
1.00 at  i t s  design Mach number. An extrapolation of the  mass-flow- 
r a t i o  curve f o r  model A ( f i g .  5 )  ind ica tes   tha t   the  mass-flow r a t i o  
would be  approximately  equal t o  1.00 a t  the   in le t   des ign  Mach number. 
I n l e t  C operated at a mass-flow. r a t i o  of 0.84 at a free-stream Mach 
number of 3.00 and i n l e t  D operated at a mass-flow r a t i o  of 0.88 at a 
free-stream Mach  number of 2.60. The l imited  nature  of the  present 
investigation  does  not  allow  rigorous  analysis  of  the  inlet  performance 
charac te r i s t ics .  

I. 

/ 

A s  defined  previously,   the  inlet   external-drag  coefficient  contains 
t h e  dragwise component of the  pressure and viscous  forces on t h e   i n l e t  
plus   the aerodynamic pressure  forces on the  streamline o f  the  stream 
tube   en ter ing   the   in le t ,   the   l a t te r  component being  with  "additive-drag" 
term. An estimate  of  the  additive-drag component of t he   i n l e t   ex t e rna l  
drag was made fo r   t he   con ica l   i n l e t ,  model A, by  using  the  resul ts   pre-  
sented  in  reference 7, and the  curve i s  presented  in   f igure 5 .  The 
additive-drag  coefficients were not  estimated  for models B, C ,  and D, 
since  the  isentropic-compression  surfaces  of  their  center  bodies  greatly 

inclusion  of  additive drag in   the   in le t   ex te rna l -drag   coef f ic ien t   g ives  
values which may be  of p rac t i ca l  importance t o  an aircraf t   designer  who 

, complicated  the  computation of the  additive-drag  coefficients.  The 

j 

ti t i c u l a r  ty-pe of  fixed-geometry  inlet.  Figure 9 i s  a convenient summary 
'i of the   in le t   ex te rna l -drag   coef f ic ien ts   for   the   four   in le t s   inves t iga ted .  

1 desires  infolmation on the  off-design  performance  penalties  of a par- 

CONCLUDING REMARKS 

The inlet   external-drag  coefficients and t h e  component-drag coeff i -  
c ients   are   presented  for   the  inlets   invest igated  over  a f l i g h t  Mach  num- 
ber  range of 1.30 t o  3.00. The inlet   external-drag  coeff ic ient   contains  
the  "additive-drag" component. The models  were fixed-geometry annular 
i n l e t s ;  three of them  were designed  for a free-stream Mach  number of 
3.00 and one was designed  for a free-stream Mach  number of 2.60. 
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The curves  of  the mass-flow ra t io   fo r   t he   fou r   i n l e t s   i nd ica t ed  
that   only model B operated at maximum mass-flow r a t i o  at i t s  i n l e t  
design Mach number ( 3 . O O ) ,  although  the  trend  of the curve   for   in le t  A 
ind ica ted   tha t  it might also  operate at a mass-flow r a t i o  of 1.00 at 
i t s  in le t   des ign  Mach number of 3.00, and ne i ther  model C nor model D 
operated at maximum mass-flow r a t i o  at or   near   the  design Mach number. 

Langley  Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics, 

Langley  Field, Va . ,  January 14, 1958. 
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3 TABL;E I.- COORDINATES FOR MODEL A 

Center-body coordinates 

xr Yr 

I 

9 

Straight  taDer 
4.225 

4.425 
IC. 329 

4.525 
4.625 
4.725 
4.825 
4.925 
5.025 
5 - 125 
5 225 
5.325 
5.425 
5.525 
5.625 
5.725 
5.825 
5.925 
6.025 

- 
1.968 
2.016 
2.061 
2.112 
2 153 
2.192 
2.229 
2.263 
2.291 
2.318 
2 339 
2.359 
2 371 
2.383 
2 - 391 
2 396 
2.398 
2.399 
2.400 

Straight   taper  
20.622 I 2.366 

I 
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TABU 11.- COORDINATES FOR MODEL B 

NACA RM L58B04 

C o w l  coordinates 
( in t e rna l )  

6.546 3 - 015 
6.795 
7.178 
7.562 
7.945 
8.328 
8.712 

3.113 
3.233 
3.325 
3.394 
3.435 
3 450 

Center-body  coordinates 

Straight   taper  
2.875 .776 
3.450 ,947 
4.025 1.135 
4.600 1- 357 

Straight   taper  
6.352 2.415 
6.517 2 517 
6. goo 2.720 
7.283 2.869 
7.667 2.978 

8.817  3.087 

22.000 2.366 

8.245  3 * 079 

Straight   taper  

1 
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TABLE 111.- COORDINATES FOR MODEL C 

X r  

=F 
C o w l  coordinates 

( internal)  

6.751  3.165 
Straight   taper  

6.808  3.201 
6.904 3 * 251 
7.000  3.289 
7.096  3.320 
7.192 3.347 
7.288  3.366 
7.384 3.383 
7.479  3.396 
7.671- 3 419 
7.863  3.433 
8.034 3.442 
8.246 3.446 
8.668 3.450 

Center-body  coordinates 

0 
,479 
.958 

1.438 
1.917 
2.396 
2.875 
3 -354 
3.833 
4.313 
4.792 
5.271 
5.750 
6.133 
6.325 
6.517 
6.708 
6.900 
6.996 
7.092 
7.188 
7.283 
7.475 
7.667 
8.050 
8.625 
9.583 

10.542 
Straigl: 

Yr 

0 
.125 
255 

.3 81 

.510 

.638 
767 - 899 

1.196 
1.369 
1.568 
1.806 
2.036 
2.170 
2 -321 
2.492 
2.668 
2.750 
2.816 
2.864 
2.896 
2.929 
2.946 
2.963 
2.971 
2.952 
2.923 

1.041 

11 
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TABLE IV. - COORDINATES FOR MODEL D 

11.523 rad.  

” 

Center-body  coordinates 
-r 

0 
,058 
.123 
.202 
.294 
- 394 
.511 
,639 
* 779 
943 

1.130 
1.344 
1.595 
1.891 
2.060 
2 339 
2.568 
2.561 

taper - 
2.366 



otal-head tube 
(slotted averaging rake) 

Diffuser exit pressure 

k"-- 20.62 _I_ 30.75 
(Identical on all models) 

Model A 

Total 

pressure 

:: 70.4 I 

Model B 

Figure 1.- General sketch of models. A l l  dimcnsions  are  in  inches. 



22.53 

71.20 _______________/ 
Model C 

Model D 

Figure 1. - Concluded. 



Side view L-92151.1 

(a) Model A. 

Figure 2.- Photographs of models. 
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Side view L-93060 . 

Oblique  view L-95061 

(b) Model B. 

Figure 2. - Continued. 
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Side view L-94782 

Oblique view 

(c) Model C .  

Figure 2. - Continued. 

L-94784 
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Side view L-94388 

Oblique view 

(d) Model D. 

Figure 2.- Concluded. 

L-94389 
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Figure 3 .  - Typical model on launcher. L-94546. 1 
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Area, 
sq in. 

Distance from leading  edge of cowl, X ,  in. 

Figure 4. - Area distribution. 
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m Figure 5 .  - Variation  of drag-coefficient  components, mass-flow ratio, 
pressure recovery, and Reynolds number with free-stream Mach number. 
Model A. 
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Figure 6.- Variation of drag-coefficient components,  mass-flow r a t i o ,  
pressure  recovery, and Reynolds number with  free-stream Mach number. 
Model B. 
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Figure 7.- Variation  of drag-coefficient components, mass-flow ra t io ,  
pressure recovery, and Reynolds  number with free-stream Mach number. 
Model C. 
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Figure 8:- Variation of drag-coefficient components, mass-flow ra t io ,  
pressure  recovery, and Reynolds number with  free-stream Mach number. 
Model D.  
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